


















































I declare that, other than where the contribution of others is specified in the 
list below, that this thesis is entirely my own work and has not been 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Device  Diagonal  Pixels  PPI  
iPhone 3GS  3.5”  320x480  163  
iPhone 4,4S  3.5”  640x960  326 
iPad, iPad2  9.7” 1024x768  132 
Dell Streak  5”  800x480  187  
Motorola Xoom 2  8.2”  1280x720  149  
Samsung Galaxy Tab  10.1”  1280x800  149  
Blackberry Playbook  7” 1024x600  170  

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Artefact	Type	 Design	 Feasibility	 Practicality	 Features	
Met	
Total	





3/5	 5/5	 4/5	 3/3	 15/18	
Record	Player	 4/5	 3/5	 3/5	 3/3	 13/18	
Flatbed	Scanner	 2/5	 5/5	 4/5	 3/3	 14/18	
































































































































































































































































































































































































































































































Figure 32: Final Player with Final Bracelet Hanging in Place 
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Figure 55: Phygital Spectrum of Phygital Interactions in Thesis Projects 
	 Above	Figure	55	shows	where	the	projects	lie	on	a	map	of	physical	
interaction	to	digital	interaction	and	direct	control	to	indirect	control.	This	map	
reveals	the	spaces	that	this	thesis	has	covered	and	shows	at	least	one	space	that	is	
still	to	be	explored	with	respect	to	Phygital	Interactions,	a	space	of	indirect	control	
with	digital	interaction,	this	topic	would	likely	be	best	confronted	via	analysis	of	
peoples’	online	interactions	via	websites	or	apps	and	then	changing	their	
environment	according	to	their	behaviours.	This	is	actually	the	way	online	
advertisers,	social	platforms	or	search	engines	tailor	their	information	to	individual	
users	without	them	having	direct	control	over	the	outcome.	Designers	could	expand	
this	into	the	physical	world	by	changing	environments	based	on	users’	online	
profiles.	The	Scarecrow	Project	has	two	positions	on	the	map,	as	it	had	both	the	
physical	ScareBot	and	the	ScARecrow	time	machine	application.	The	two	are	
therefore	positioned	differently	due	to	their	different	interaction	methods.	The	App	
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is	positioned	deep	within	Direct	Control	and	Digital	Interaction	territory	as	it	relies	
on	the	users’	interactions	in	the	digital	realm	to	collect	the	scarecrows	but	is	towards	
the	centre	of	the	region	due	to	the	applications	reliance	on	the	users’	GPS	location	
to	find	the	scarecrows	to	begin	with.	The	Scarebot	had	several	interactions	that	were	
possible,	sounds	were	played	as	a	result	of	the	physical	interaction	of	placing	the	
disk	on	its	reader	arm,	faces	were	presented	on	the	screen	based	on	the	view	of	the	
camera	and	finally	bubbles	were	blown	as	a	reaction	to	a	digital	interaction	by	way	
of	SMS	message	from	the	user.	From	here	the	movement	to	Pong+	and	the	Space	
Invaders	game	where	the	physical	interaction	of	moving	a	game	piece	was	
augmented	with	a	physical	game	piece	to	give	the	users’	a	stronger	sense	of	control	
over	the	game.	Cold	Sun	again	sits	well	towards	digital	interaction	due	to	its	reliance	
on	users’	interacting	with	the	screen	of	the	device	however	it	also	requires	the	GPS	
data	to	customise	the	game	experience	using	real	world	weather	data	pushing	it	
towards	the	centre	once	more.	CheckinDJ	is	an	interesting	case	as	while	the	user	has	
direct	interaction	in	a	physical	sense	when	they	use	their	NFC	card	to	‘checkin’	
there’s	a	balance	with	their	profile	creation	and	connection	that	needs	to	occur	
when	registering	and	the	processing	of	their	data	to	change	the	overall	music	
preferences.	While	they	do	interact	with	the	device	directly	the	results	of	their	
interaction	are	actually	on	the	indirect	side	of	the	scale	as	they	don’t	directly	choose	
the	genre	of	music,	just	swing	the	preference	more	to	their	tastes.	The	Physical	
playlist	project	again	features	the	physical	interaction	where	the	user	both	physically	
and	digitally	curates	their	bracelets	though	when	it	comes	to	the	actual	usage	of	the	
device	there	is	only	indirect	control	as	the	user	has	to	allow	the	player	to	play	
through	the	tracks	in	the	order	they	were	placed	in	the	bracelet	to	begin	with.	
Finally,	with	Perceptive	Media	the	interaction	was	completely	removed	from	the	
users	control	and	had	no	digital	interaction	from	the	users	whatsoever.	The	object	
purely	looks	at	its	surroundings	and	uses	that	data	to	play	a	story,	while	that	may	
change	if	a	user	enters	the	area	where	it	is	playing,	they	cannot	otherwise	influence	
the	device	other	than	by	their	presence.	If	a	perceptive	radio	is	in	a	forest	and	no-
one	is	around,	does	it	still	tell	a	story?	
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	 The	map	as	a	descriptive	medium	is	effective	in	showing	the	range	of	outputs	
that	have	fed	this	thesis	and	while	there	are	areas	of	the	map	left	to	explore,	a	fair	
amount	of	ground	has	already	been	covered	by	the	projects.	
	
	 The	purpose	of	this	thesis	has	been	to	create	a	manifesto	to	guide	towards	
supporting	interactions	during	the	creation	of	these	Phygital	devices	for	the	DPS.	As	
it	is	an	evolving	field	this	is	by	no	means	an	exhaustive	list	but	having	worked	to	
identify	the	important	details	of	each	of	the	projects	these	are	the	rarefied	ideas	
that	have	been	found.		
13.1. Manifesto	
The	manifesto,	in	no	particular	order:	
	
• Consider	carefully	when	designing	a	phygital	replacement	for	an	object,	what	
affordances	to	include	and	what	to	exclude.	Especially	if	the	form	is	the	
same,	as	users	will	expect	affordances	to	match.	
• Giving	Physicality	to	a	digital	system	gives	users	a	sense	of	greater	
involvement	in	the	digital	world.	Though	not	all	things	should	or	need	to	be	
digitized	and	good	designers	should	also	know	when	design	is	not	the	
solution.	
• Personalisation	of	objects	is	often	now	seen	as	key	requirement	and	this	
presents	considerable	challenges	for	objects	that	are	both	physical	and	
digital.	
• Support	and	maintaining	phygital	objects	is	a	challenge	as	while	software	
improvements	can	be	downloaded,	physical	improvements	to	an	existing	
object	are	not	normally	practical.	Therefore,	careful	consideration	to	this	is	
required	from	designers	if	they	are	not	to	produce	phygital	devices	that	are	
quickly	obsolete.	
• During	development,	fast	iterations	enhance	the	design	and	allow	quicker	
innovation	and	reactions	to	new	developments.	Whilst	Agile	practices	are	
growing	in	software	development	new	practices	will	need	to	be	adopted	for	
physical	development.	
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• Even	when	interactions	aren’t	integral	to	the	design	of	the	object,	ethical	
considerations	must	be	taken	for	how	information	that	is	gathered	by	the	
object	is	then	used.	
• When	providing	information	to	the	user	it	is	important	that	making	things	
simple	does	not	turn	into	making	things	opaque	of	a	device	is	connected	to	
the	internet.	
• Work	with	as	diverse	a	group	as	possible	to	create	amazing	new	designs.	
• Always	work	as	a	group	to	decide	how	the	project	should	move	forward,	
ensuring	to	listen	to	every	member.	
• Try	as	many	productivity	tools	as	possible	to	find	what	works	best	for	the	
whole	group.	
• When	in	a	managing	role,	ensure	that	you	delegate	whenever	possible	and	
encourage	your	team	members	to	achieve	their	full	potential.	
• Work	with	new	people,	take	on	new	ideas,	build	robots!	
	
While	the	points	in	the	manifesto	are	important,	they	are	not	strict	rules	to	
follow,	but	more	accurately	could	be	referred	to	as	provocations	for	those	
developing	new	products	in	this	area.	It	is	also	important	to	note	that	these	points	
were	not	arrived	at	arbitrarily,	they	came	as	an	output	of	both	The	Creative	
Exchange	Projects	and	from	the	projects	that	came	before	CX.	The	design	processes	
that	also	led	to	these	ideas	should	not	be	discounted	as	they	have	a	significant	part	
to	play	in	the	way	in	which	Phygital	objects	are	created	in	the	future.		
	
13.2. Personal	Reflections	
Overall	these	projects	have	transformed	the	way	I	believe	Design	Research	
should	be	performed.	However,	it	was	at	times	difficult	to	identify	where	my	
research	question	fit	with	the	overarching	projects	and	indeed	the	CX	Project.	It	
wasn’t	until	the	second	year	where	things	began	to	fall	into	place	for	me	and	the	
design	methodology	began	to	realise	itself.	The	work	presented	in	this	thesis	came	
about	as	part	of	a	collaborative	process,	a	process	that	I	have	now	come	to	see	as	
essential	to	my	research	agenda.	Working	with	these	other	people	over	the	course	
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of	the	projects	opened	up	so	many	opportunities	to	learn	new	skills	and	exchange	
ideas,	that	simply	would	not	have	occurred	in	a	typical	PhD	format.	From	being	the	
project	lead	on	Cold	Sun,	I	saw	from	the	outset	the	difficulties	that	can	be	found	
when	trying	to	bring	people	and	their	ideas	together.	However,	through	the	design	
of	the	workshop	that	enabled	people	to	discuss	their	ideas	and	then	expand	upon	
them	with	the	help	of	others	really	brought	the	team	together	in	a	way	that	
previously	seemed	impossible.		
Whereas	in	the	Perceptive	Media	project	when	my	colleague	was	the	Project	
Lead,	I	enjoyed	the	opportunity	to	problem	solve	and	write	the	code	that	eventually	
led	to	the	Perceptive	Media	API	being	a	viable	system.	
In	the	Physical	Playlist	project,	I	was	instead	working	in	an	engineering	and	
programming	role	and	had	to	determine	the	best	way	of	producing	the	system	that	
the	group	had	collectively	decided	upon.	Using	skills	that	had	previously	come	about	
as	part	of	the	ScareBot	project	I	was	able	to	design	and	build	a	prototype	that	with	
only	minimal	changes	went	on	to	be	the	main	mechanism	and	software	control	
system	for	the	final	product.		
The	Wray	Scarecrow	festival	was	my	first	introduction	to	collaborative	design	
practice,	when	first	looking	at	the	drawings	that	the	school	children	came	up	with	it	
seemed	that	the	entire	project	would	be	incredibly	difficult	to	realise.	Though	
through	discussions	with	my	supervisor	it	became	clear	that	by	experimenting	with	
each	part	until	we	successfully	completed	them	that	step	by	step	the	project	would	
be	completed.	It	was	this	constant	reflection	on	the	build	process	that	is	central	to	
the	entire	methodology	that	this	thesis	now	represents.	
Overall	the	PhD	process,	not	just	the	projects	have	informed	the	way	I	will	be	
approaching	research	in	the	future,	from	the	methodology	that	came	about	from	the	
process	of	the	projects,	through	to	the	points	in	the	manifesto	these	will	be	the	
tenets	for	my	research	in	the	coming	years.			
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14. Further	Work	
Throughout	this	body	of	work,	there	has	always	come	a	point	where	it	was	
no	longer	possible	to	continue	the	research	into	those	specific	areas	primarily	due	to	
the	start	of	the	next	project	not	because	these	projects	are	fully	explored	with	
respect	to	all	research	avenues.			
	
Starting	with	physical	game	pieces,	at	the	end	of	that	project	a	new	method	
of	classifying	objects	that	are	placed	onto	touchscreens	was	proposed,	while	there	
has	been	some	further	research	in	this	area	it	is	by	no	means	exhaustive	(Santos,	et	
al.,	n.d.).	The	opportunity	to	develop	an	object	recognition	system	for	touchscreen	
devices	would	have	great	potential	for	research	as	it	could	enable	further	
interactions	with	everyday	objects	allowing	for	several	users	to	carry	their	own	game	
pieces	with	them	to	play	in	stories	on	a	tablet	with	friends	as	just	one	example.	This	
could	suggest	research	into	whether	the	value	of	digital	assets	is	enhanced	when	it	
obtains	physical	form?	
With	CheckinDJ	the	ability	to	customise	spaces	and	venues	has	great	
potential	to	be	expanded	upon,	with	the	possibility	of	not	only	changing	the	space’s	
sounds	but	also	its	lighting	conditions,	even	aspects	such	as	what	channel	a	TV	is	
tuned	to	or	whether	curtains/blinds	are	open	or	shut.	The	crowd-curating	system	
has	an	interesting	place	for	research	into	the	democratisation	of	spaces.	In	order	to	
do	this	the	recommendation	would	be	to	build	a	space	from	the	ground	up	with	all	
potential	aspects	controllable,	it	would	be	interesting	to	push	the	limits	and	see	just	
how	much	customisation	people	would	want	over	a	space	and	the	difficulties	of	
architects	and	interior	designers	to	deal	with	these	morphing	spaces.	
Research	into	the	ability	to	curate	playlists	in	physical	forms	has	only	just	
been	touched	upon	in	that	chapter,	and	while	the	reader	itself	is	likely	to	never	be	
mass	produced,	with	the	prevalence	of	NFC	within	the	majority	of	Android	phones	
and	hopefully	Apple	iPhones	will	be	accessible	to	the	developer	community	soon,	
there	will	be	the	option	to	create	playlists	that	people	read	with	their	phones	with	
some	other	media	or	apps	linked	in	as	well.	There	would	be	significant	challenges	to	
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overcome	with	this	process	however	due	to	the	educating	of	people	in	how	to	use	
these	objects	and	the	need	to	program	them	before	use.	
Cold	Sun	barely	touched	upon	the	enormous	possibilities	of	using	real	world	
events	within	a	branching	narrative	gaming	system,	there	are	so	many	other	data	
sets	that	could	be	interacted	with	at	an	abstract	level	within	a	game	environment.	
Using	global	stock	market	data	to	influence	the	abilities	of	characters	within	a	game,	
or	limiting	the	story	options	until	the	stock	price	rises	above	a	certain	level	or	
increases	by	a	set	percentage	and	timing	this	with	the	release	of	new	in-game	items.	
Addressing	wicked	problems	through	the	genre	of	mobile	games	also	has	some	
interesting	possibilities,	providing	either	liminal	or	subliminal	messages	to	the	user	
and	seeing	if	their	actions	in	the	real	world	are	influenced,	this	would	require	a	
longitudinal	study	to	trace	the	effects	of	playing	such	a	game,	though	it	could	lead	to	
new	avenues	for	educating	people	about	complex	issues	such	as	climate	change.	
Finally,	we	come	to	Perceptive	Media,	the	idea	of	removing	all	direct	
interaction	with	a	device	meant	to	be	telling	stories	that	change	based	on	the	
actions	and	events	occurring	around	it.	The	BBC	partners	with	this	project	have	
already	started	research	into	a	visual	version	of	the	system,	which	has	very	
interesting	possibilities	if	it	combines	the	same	area	sensing	capabilities	with	social	
media	access	to	further	tailor	the	stories	to	the	individuals	watching	it,	potentially	
without	their	knowledge	that	it’s	happening.	This	area	thus	requires	significant	
amounts	of	research	addressing	questions	such	as	how	do	producers	develop	the	
content	for	all	the	possibilities	that	can	occur,	or	how	do	audiences	react	when	
discussing	a	programme	they	might	have	seen	with	someone	who	may	have	
experienced	something	different?	
	
With	any	of	these	projects	moving	forwards	the	recommendation	would	
always	be	to	work	in	a	team	with	varying	skillsets	to	eliminate	the	possibility	of	one	
researcher	moving	it	purely	in	one	direction	as	there	are	a	myriad	of	different	routes	
the	research	could	take.	 	
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16. Appendix	
16.1. Physical	Playlist	
The	code	for	Physical	Playlist	RaspberryPi	software	can	be	found	here:		
http://cxprojects.lancs.ac.uk:8585/redspike/physical-playlist	
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16.2. Perceptive	Media	
The	code	for	The	Perceptive	Media	NodeJS	software	can	be	found	here:		
http://cxprojects.lancs.ac.uk:8585/redspike/perceptive-media-bbc	 	
	
	
